INTRODUCTION
Soils are known to have many important functions. However, the most appreciated is their ability to support the growth of plants. The soil's natural cycles ensure the provision of adequate physical, chemical and biological medium for crop production. Farmers therefore have acquired the skills in managing soils so that certain essential elements (if need be) can be added to the natural cycles to enhance the soil quality and increase crop production. Consequently, soils have been cultivatedfor centuries to produce increasing amounts of food to keep pace with the needs of the ever increasing human population. The ability of the soil to serve as a growth medium for crop production is however hampered by the accumulation of excess amount of pollutants such as heavy metals.
Sources of heavy metals in soils include natural occurrence derived from parent materials and human activities (anthropogenic sources). Anthropogenic inputs are associated with industrial and agricultural activities such as atmospheric deposition, waste disposal, waste incineration, urban effluent, vehicle exhausts, fertilizer application and long-term application of sewage sludge on agricultural land [1, 2] .
Plants as essential components of natural agro-ecosystems represent the first compartment of the terrestrial food chain [3] .According to [4] , excessive accumulation metals in agricultural soils results in soil contamination and has consequences for food quality and safety.The consumption of certain food crops cultivated on soils that contained excess amount of toxic metals could be a threat to human health. This is essentially due to the ability of such crops to accumulate high amount of these metals in their edible parts.
Soil-to-plant transfer is the major pathway of human exposure to metal pollutants insoil [5] . TF is the ratio of the concentration of an element in an organism to the concentration in the source medium [6] . According to this theory, the concentration of some elements in plants has linear relationships with some concentrations in the soil. TFs of heavy metals from soil to vegetation can only be established when a linear relationship is observed between the soil and plant concentrations.Thus values of TF are used for many assessment models to predict the concentrations of elements in plants taken from soil [7] . Moreover, it is a convenient way of quantifying the relative differences in bioavailability of metals to plants [8] . Additionally, TF of heavy metals from soil to crops is one simple way of predicting human exposure to metals through the food chain [9] .
The present study was aimed at evaluating the TFs of potentially toxic metals from soil into the food chain by assessing the levels of these metals in soils and vegetable crops obtained from farmlands along River Delimi in Jos city.
MATERIALS AND METHODS

Study Area
The study was conducted at designated points along River Delimi in Jos city ( Figure 1 ). Jos is a city in the north-central Nigeria and the capital of Plateau State. It is located on Lat. 9 0 52'59''N and Long. 
Experimental Design and Sampling Strategy
The experiments to determine the heavy metal contents in soil and vegetable crops were conducted along River Delimi (study area) and Lamingo dam (control site) in Jos city. Four stations were identified and in each station a Complete Randomized Design (CRD) was used for the investigation. The choice of study stations was purposive based on the availability of the crops in order to ensure uniformity and consistency. Vegetables identified as samples at designated points were purchased directly from farmers [10] . Soil samples were obtained with soil auger at a depth not exceeding 15cm at each point where the vegetables were collected [11] . The sampling procedures were performed in rainy and dry seasons.
Soil and Plant Analysis
Soil and vegetable samples were collected in a polythene bags and kept on ice. The samples were subsequently transported to the laboratory and kept at 4 0 C [12] . The heavy metals content in the soil and vegetable samples were determined using 210 VGP Model of Buck Scientific Atomic Absorption Spectrophotometer (AAS) after extraction with Aqua-regia.
Statistical Analysis
The data generated in the course of this investigation were analysed using simple descriptive statistics. This was followed by the determination of Transfer Factor (TF) calculated for the heavy metals according to the formula given by [13, 14, 15 ] TF = Cp(mg kg-1 dry wt) / Cts(mg kg-1 dry wt), Where, Cpis the plant metal content and Ctsis the total metal content in the soil.
RESULTS AND DISCUSSION
Metals TF in Carrot
The TF of metals in carrot determined at different sampling stations in the study and control sites are as presented in Figure 1 . It was observed that with the exception of Cu, all the metals had their least TFs at the control compared to the study site. This may be due to the fact that at the control site, greater percentages of these metals as earlier pointed out by [16] were in residual fractions which prevent their absorption by the crop. The least TFs for these metals in the crop at the control site may also be due to the lower mean total content of the metals in the soils. This suggests that plant absorption of these metals was controlled by the content that is available in the soil.
Metals TF in Cabbage
The heavy metals TF values from soil to cabbage varied from one sampling station to another as shown in Figure 2 . In cabbage, the maximum TF values of all the metals (except Zn) were at the study site. The least TF values for Cd and Pb at station IV may be due to their lower mean values in the soil. Similar higher TF values in plants due to higher mean metal content of their associated soils were obtained by [17] . The cabbage has accumulated less Cu at station I probably due to higher OM content of the soil. OM in soil prevents the release of metals due to the formation of Metal-OM complex. This was in agreement with the findings of [18] who opined that OM content and other soluble compounds in soil influences the transfer of metals from soil to plants. As the amount of OM increases, there is atendency for more metals to be absorbed on the soilcomplex and hence reduce their mobility [19] .The least amount of Cr recorded at station III may be due to higher association of the metal with residual non-extractable fractions which makes the metal less available. The crop had accumulated a lot of Zn at the control site and less amount at station I probably due to the nature of the partitioning of the metal in soil. It was earlier reported [16] that at the control site, only 11.4% of Zn was found associated with the residual fraction and a greater portion of the metal was partitioned mainly to other non-residual fractions. This suggests that the metal was highly mobile and can easily be transferred from soil to the crop. It was also earlier reportedthat station I had the highest Zn percentage residual fraction (48.8%) [16] This probably prevented the release of the metal since it associates more with the crystalline non-extractable fraction.
Metals TF in Lettuce
The heavy metals TF values from soil to Lettuce at various sampling points in the study and control sites are as presented in Figure 3 
.Mean Transfer Factor of metals in lettuce obtained from four sampling stations along River Delimi and Lamingo Dam in Jos metropolis
The least TFs recorded for Cd and Pb at stations IV was a reflection of the total mean content of these metals obtained in soil. According to [20] , the concentrations of heavy metals in plant tissues as a fraction of total metal content in soil could be a reflections of its bioavailability. It may therefore be concluded that lower TF values for Cd and Pb were obtained because the total metal concentrations at this station were low. The least TFs for Cr at station II may be due to lower mobility of the metal since according to [16] more than 57% of the total metal content was associated with the residual fraction. Metals bounded to this fraction are not easily released for uptake by plants. The lowest TF value recorded for Zn at station II may be due to its high association with Organic fraction. This corroborates the findings of [20] who reported that the bioavailability of Zn depends among other factors on the OM content of the soil. Organic matter is a very important adsorptive source of metals in soils. Organic matter has a high CationExchange Capacity and can adsorb high amount of heavy metals [21] . Interaction with other metals such Cu found in appreciable quantities in the soil at the same station may also prevent the uptake of Zn due to antagonism [22] . Figure 4 shows the metals TF values from soil to spinach at different sampling stations of the study and control sites. In spinach, all the metals (except Pb) had their maximum TF values at the control site. This is contrary to the findings of [23] who assessed the risk of metal toxicity of contaminated vegetable from waste water irrigated area of Varanasi, India and reported that the TFs of metals in the control were lower than the values at the study site. Pb transfer factor was less at the control site because of its low concentration in the soil and the fact that little amount of this metal is associated with the easily exchangeable fraction. The high TF values for Cr and Zn at the control site despite lower total metal content may not be unconnected with the partitioning of the metals in soil collected under the spinach crop which was mostly dominated by the residual fraction. It is however surprising that the TF values for Cd and Cu were at their maximum at the control site despite lower soil total metal content and the relative dominance of the residual fraction in their geochemical partitioning. This scenario may be due to input of these metals from sources other than the soil beneath the spinach. Foliar deposition (e.g. due to pesticides application) on to the aerial part of the plant has been recognized as an important source of metal contamination [24] . 
Metals TF in Spinach
CONCLUSION ANDRECOMMENDATION
The least TFs for these metals in the crops at the control site could be attributed to the lower mean total content of the metals in the soils. This suggests that plant absorption of these metals was mainly controlled by the content that is available in the soil.It was also observed that the TF values of the metals for all the crops were mostly greater than 0.5. According to [25] , the greater the transfer coefficient value than 0.5, the greater the chances of vegetables for metal contamination by anthropogenic activities will be and so the need for environmental monitoring of the area. This further indicates the potential health risk associated with the consumption of these vegetables. Farmers should be advised to cultivate plant species (legumes, cereals, potatoes etc.) with low metal uptake and avoid the cultivation of crops such as carrots, spinach, lettuce that are known to accumulate high amount of metals. The metal transfer into food chain could also be reduced through cultivation of industrial crops such as Jatropha and castor plants known for their high oil content. Application of Farm Yard Manure (FYM) that reduces the bioavailability of heavy metals in soils due to its high content of organic matter should be encouraged.
